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Abstract  
The purpose of this study is to analyse the creative potential of our engineering students and their type of thinking. From an 
educational perspective, we aim at identifying ways in which creative thinking and problem solving techniques can be 
implemented in existing courses on the engineering curricula. Our survey involved applying a questionnaire (based on Dr. Roger 
128 respondents, aged 19-37, students of Applied Electronics, Computer Science, and 
Environmental Engineering. Data obtained was analysed both quantitatively and qualitatively. Further on, pedagogic insights will 
reveal means of fostering creativity in undergraduate students, for 3 different courses. 
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1. Introduction  
On analysing the academic curricula for three engineering specialisations at 1 Decembrie 1918 University of 
Alba Iulia, Romania (applied electronics, computer science, environmental engineering), we found out that there is a 
prevalence of basic sciences (mathematics, mechanics, physics) at the expense of subjects emphasising the 
society. 
The purpose of this study is to analyse the creative potential of our engineering students and their type of 
thinking. From an educational perspective, we aim at identifying ways in which creative thinking and problem 
solving techniques can be implemented in existing courses on the engineering curricula. Pedagogic insights will 
reveal means of fostering creativity in undergraduate students, for 3 courses: English communication skills, 
Multimedia techniques and technologies and Descriptive geometry.  
It is essential for educators nowadays to find means of empowering students to adapt positively to ever increasing 
changes, and do so in a creative way, which allows for innovation. It may seem like a difficult mission, especially 
due to many misconceptions that have been transmitted along generations of educators. However, in our endeavours 
as teachers, we need to start from the basic assumption that everyone has creative abilities within them. Everyone 
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can learn techniques that will lead them to generate more and better ideas. Creativity is not a rare talent that only 
few people are born with; each of us can be creative, under the right circumstances.  
2. Literature review 
A pioneer of the theory of brain lateralisation was Dr. Roger Wolcott Sperry, Nobel Prize laureate, who 
conducted research on surgically separated brain hemispheres, which were experimentally proved to resort to 
different modes of perceptual and cognitive processing. The left-right separation can be analysed in the 
commissurotomised (or split) brain, in order to measure and compare the positive performance of each hemisphere 
functioning independently. Regular experiments were in favour of strong lateralisation and dominance for speech, 
writing and calculation in the disconnected left hemisphere in right-handed patients. On the other hand, the minor, 
right hemisphere is usually unable to respond to speech or writing. The left hemisphere is also the more aggressive, 
executive, leading hemisphere in the control of the motor system (Sperry, 1974, pp.57-58). Despite being 
predominantly mute and generally inferior in all tasks involving language or linguistic or mathematical reasoning, 
the right hemisphere represents the superior cerebral element for certain types of operations, including all non-
linguistic, non-mathematical functions, such as the apprehension and processing of spatial patterns, relations and 
transformations. These appear to be holistic and unitary, while the left hemisphere operations resort to abstract, 
symbolic reasoning (Sperry, 1974, p.59). It was back in 1974 that Dr. Sperry drew attention to the fact that these 
findings have a far-reaching effect on education  as the educational system discriminates against the right brain 
hemisphere, i.e. the non-verbal, non-mathematical, and spatial mode of apprehension and reasoning. 
Following research carried out by Dr. Sperry and Dr. John Stamm, perceptual learning and memory seem to 
proceed independently in the two hemispheres of the brain in the absence of the corpus callosum. However, 
regardless of this independence, the learning curves for the two separated hemispheres are very similar in character, 
pointing at an individual variability in perceptual learning, being pre-determined to an unexpected degree by the 
intrinsic structural and functional organisation of the cerebral hemisphere (Sperry, 1958, p.58). This only encourages 
educators to find ways to cater for both sides of the brain. 
Ned Herrman, the creator of the HBDI (Herrmann Brain Dominance Instrument) drew further on the theory of 
brain lateralization. His four quadrant brain dominance model may be understood as a combination of left brain vs 
right brain and triune brain concepts into a physiologically based metaphor of the human brain functioning. This 
model consists of four separate quadrants, A, B, C, and D. There is the logical, analytic, quantitative, fact-based A 
quadrant, metaphorically representing the left hemisphere of the cerebral cortex and similarly there is the planned, 
structural, organized, detailed, sequential, conservative B quadrant representing the left half of the limbic system. 
These two together represent the left mode thinking processes. The other two quadrants represent, on the one hand, 
the emotional, humanistic, interpersonal, feeling-based, expressive, sensory, musical and kinaesthetic aspects of the 
C quadrant metaphorically located in the right half of the limbic system, and the fourth quadrant D, which represents 
the conceptual, holistic, intuitive, metaphoric, synthesizing, and integrating modes of thinking, is based on the right 
cerebral brain. The model provides further insights into a possible classification of brain functions, starting from the 
theory of brain lateralisation. It was of extremely topical interest to us to look into the theory of the whole-brained 
individual, who is naturally creative, and who can unlock all potentialities of his/her brain functionalities. We have 
however, not taken into consideration the complete theory advanced by Ned Herrmann, which we consider more 
suitable for the training of managers and business people. The implications are important for the learning styles of 
our students, who may fall 
better address the teaching and learning processes. 
3. Research Methodology  
Following the literature review we carried out, we based our research on the well established premise that the 
brain is made of two hemispheres that perform different functions, which can work together or separately: the left 
side of the brain, concerned with logical, analytical, verbal, numerical, judgemental tasks; and the right side of the 
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brain, concerned with the creative, intuitive, whole-concept, visual aspects of human thinking. From the point of 
view of teachers who want to stimulate creativity and develop all-round, comprehensive minds, we need to try and 
use methodologies that will elicit as much material from 
side, since once you engage the judge in your mind, the flow of new ideas will be hindered. Actually, the two 
processes rarely function cooperatively; it is actually impossible to do both types of thinking at the same time. 
Ideally, the engineer will learn to develop creative and conceptual thinking in conjunction with critical thinking, but 
this will take considerable experience and practice. As a matter of fact, engineering is one of the few professions or 
occupations that require several distinct thinking processes from both sides of the brain. Creative design and 
problem-solving are right-brain activities that the engineer shares with the artist, whereas applied design, project 
organization, materials assessment, and research are left-brain activities. 
The first step in our research was to design a questionnaire, 
lateralization, aimed at identifying the dominant type of thinking for our engineering students. The survey we 
carried out was conducted among 128 respondents, aged 19-37, students of Applied Electronics (2nd year  20 
respondents; 4th year  19 respondents), Computer Science (1st year  10 respondents; 3rd year  60 respondents), 
Environmental Engineering (1st year  19 respondents). Data obtained was analysed both quantitatively (in SPSS) 
and qualitatively. 
The questionnaire consisted of 28 closed yes/no questions, designed so as to establish the dominant brain 
lateralisation for the engineering students of our university. The categories for each brain hemisphere were as 
follows: for the left hemisphere: sequential, linear, symbolic, logical, verbal and reality-oriented, while the right 
hemisphere categories were: random, holistic, concrete, intuitive, non-verbal, fantasy-oriented. Ideally, the students 
should have displayed an approximately equal percentage for both brain hemispheres. The questionnaire is now 
available in electronic format and is part of the learning platform existing at our university, as well as the algorithms 
used in order to analyse statistically the questionnaire results. 
Following the interpretation of data, we further on tried to see these results in practical terms, that is, the 
pedagogical implications of the findings, and how our teaching methodologies can be adapted in order to cater for 
the learning needs of future engineers so as to train them into whole beings. 
4. Results and Interpretation 
As previously said, there were 128 subjects who completed the questionnaire. Out of them, 39 students of 
Applied Electronics (2nd year  20 respondents: 7 females and 13 males; 4th year  19 respondents: 3 females and 
16 males), 70 students of Computer Science (1st year  10 respondents: 4 females and 6 males; 3rd year  60 
respondents: 20 females and 40 males) and 19 students of Environmental Engineering (1st year  19 respondents: 14 
females and 5 males). It can be seen that there is a predominance of male over female students, except for 
Environmental Eng This is clearly in line with the European situation in 
terms of engineering education. Christine Wächter (2005) stated in a study she carried out that women are more 
attracted to interdisciplinary engineering curricula and that a stronger emphasis on social and environmental aspects 
of technology would make S&T programmes more attractive to women.  
The results are presented synthetically in the table and figures below. As can be seen, the dominant hemisphere in 
almost all cases is the minor one. Differences exist, both in terms of gender and programme of study. In the case of 
applied electronics, however, the ratio is almost equal, which means that they have developed both types of brain 
functions to an almost similar degree. In the case of Computer Science students, the percentage of right brain 
dominance is overwhelming, by almost 50% more in the case of both female and male students. This is relevant for 
the fact that the programme in itself places more emphasis on creative, visual tasks. In the case of environmental 
engineering, the ratio again is almost similar for right vs left dominance in the case of female students. The number 
of male students is however too small for us to draw any interpretation. 
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Table 1. Left / Right brain percentage by programme and gender 
 
 
 
 
 
 
 
 
 
Figure 1. Left / Right brain percentage by age group 
 
It is also worth mentioning that the dominance of the minor hemisphere increases as students become older. This 
is also indicative for the fact that the pedagogical tasks vary according to the curricular progression, and in the first 
years of academic studies, there is clear emphasis on mathematical and logical thinking, while later on there are 
subjects that require the activation of more concrete, intuitive, holistic brain functions.  
The analysis of results went further in the sense of identifying categories for each of the two brain hemispheres. 
In the following we will present one example for an individual student and the subsequent interpretation.  
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Left / Right brain percentage for Respondent 1  Figure 3. Brain categories for Respondent 1 
 
The categories represent as follows: Sequential (L) vs Random (R); Linear (L) vs Holistic (R); Symbolic (L) vs 
Concrete (R); Logical (L) vs Intuitive (R); Verbal (L) vs Non-verbal (R); Reality-oriented (L) vs Fantasy-oriented 
(R) thinking patterns. This particular student displays an almost even balance between linear thinking and holistic 
thinking; symbolic vs concrete; logical vs intuitive and verbal vs non-verbal thinking. This means that the student 
has no difficulty either in processing data in a linear manner or in seeing the big picture. This is particularly 
desirable for students of Computer Science, who need to resort to linear thinking when designing an algorithm, but 
also to see the big picture when for example, creating a web page. It also is indicative of the fact that the student 
strikes a fair balance between processing the information of pictures and symbols, as well as processing things that 
can be seen or touched, i.e. information derived from real objects. Engineers need to be well aware of different 
signs, symbols, diagrams, etc. used in their specialism (e.g. countersink, diameter, depth) while similarly they need 
to be able to draw out a problem or understand why a certain mathematical formula works. The striking difference 
recorded between the high percentage of random versus low sequential thinking reveals the fact that the student 
rather processes information without priority, jumping from one task to another, and does not process information 
from first to last, in a systematic, logical manner, which would be beneficial to engineers. However, random 
 Due to limitations of space, our analysis stops here. It is worth mentioning that we have analysed each student 
in this way and we identified their type of thinking, in terms of appropriateness for the engineering profession. 
Academic Programme Male 
students 
Female 
students 
Applied Electronics (EA) 29 10 
- Right brain hemisphere 17 6 
- Left brain hemisphere 12 4 
Computer Science (Info) 46 24 
- Right brain hemisphere 31 15 
- Left brain hemisphere 15 9 
Environmental Engineering (IM) 5 14 
- Right brain hemisphere 1 8 
- Left brain hemisphere 4 6 
Case study: Respondent 1
L
R
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5. Conclusions and Recommendations  
The analysis and interpretation of data provided us with truly useful insights into the students thinking styles and 
gave us indications as to how to design an individualised, personalised educational route. As previously mentioned, 
we aim at developing future engineers . We thus revised our classroom methodologies and tried to 
adapt the teaching methods used for different subjects.  
In the case of English communication skills, one of the methods used was the random word. As part of a 
brainstorming session, the English teacher can pick up a dictionary and select a word at random. Then she may force 
connections between that word and the problem to be solved by the engineers-to-be. This technique works 
wonderfully, as it compels the brain to start from a new departure point, to come at the problem from a new 
direction. It is extremely useful for students whose random thinking is not well developed (Popescu, 2011). The 
technique can also be successfully used in the case of teaching Descriptive Geometry. 
In the case of Multimedia techniques and technologies, one of the methods that can be used is the six thinking 
hats. This technique was created by Edward de Bono (1985), and is very successful when evaluating innovative and 
provocative ideas. It forces everyone to think in parallel. As students wear each hat they all have to think in a certain 
way at the same time. The proposal is read out and then everyone puts on the following hats in turn: the white hat 
(the information hat); the red hat (representing emotions); the yellow hat (the optimism hat); the black hat (the hat of 
pessimism); the green hat (the hat of growth and possibilities); the blue hat (the process hat, used to check if the 
process is working well). This type of technique is useful in particular for developing right-brained functions in 
parallel with left-brained ones, and it may be just as well used for other engineering subjects. 
Further studies will bring more results as to appropriate classroom teaching methodology aimed at developing 
both brain hemispheres functions for engineering education potential. 
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